Six Sigma is recognized as an essential tool for continuous improvement of quality. A large number of publications by various authors reflect the interest in this technique. Reviews of literature on Six Sigma have been done in the past by a few authors. However, considering the contributions in the recent times, a more comprehensive review is attempted here. The authors have examined various papers and have proposed a different scheme of classification. In addition, certain gaps that would provide hints for further research in Six Sigma have been identified. As a results the relationship between Six Sigma, Design for Six Sigma (DFSS), and how these two concepts support the quality system for organizational learning and innovation performance have been discussed that would help researchers, academicians and practitioners to take a closer look at the growth, development and applicability of Six Sigma in Design.
Introduction
Numerous researchers have avowed that the Six Sigma strategy is a potentially useful tool for fostering learning. In turn by improving the learning process it escalates a company's competitive advantage. Fast changing markets require the progress of technological innovation, and shorter product lifecycles always challenge the competitive advantage. The basic philosophy of any business is to operate in the black and not the red. In order to do this one has to have an understanding of the inputs and outputs of that organization. This is also referred to in the term of throughput, which is the process of all implications dealing with the development of a finished good. The input is transformed into the output. The input is labor, material, machine and energy that is used and products/services that are acquired at the end of the transformation in order to operate in the black the value of the output must be more than the value of the inputs used (Barbara et al., 1992) . Six Sigma is used multiple different ways for multiple different reasons (Kihn, 2005) . It is a measurement of quality that creates flawlessness within organizations. It can be anything outside of customer specifics. Six Sigma uses a specific process to test defects in order and receive perfection. It became popular in the mid 90's (Gowen III et al., 2008; Guarraia et al., 2009; Carney, 2001; Eckes, 2003) . It works by collecting data and analyzing data affectively (Aksoy & Dinçmen, 2011) . Six Sigma uses methodology to reduce waste, improve, and increase customer satisfaction with overall finically results. Six Sigma improves effectiveness, efficiency, and innovation in industries (Zhang & Xu, 2008) . In this new century, technology, innovations, structural change, and competition are constantly changing (Kemper & de Mast, 2013) . Therefore, customers' expectations are consistently changing. This forces companies to manage their company's routine operations. So companies must have an effective and efficient system to consistently development improvement. Many companies wish to learn what Six Sigma can do for them, how to effectively use it, why to use it, and to define it (Gutiérrez et al., 2012) . Six Sigma is a worldwide approach used by any and everybody or organization that is willing to adopt the strategic method of doing business. Six Sigma modifies product quality, customer satisfaction, funding, capital spending, and overall company growth (Caulcutt, 2001) . It has saved industries millions, and sometimes billions of dollars over time. Six Sigma is successful, because it has more than one focus. Some of Six Sigma's main focuses include: management on every level, values and objectives, customer satisfaction, performance, and growth. Six Sigma was helped companies achieves success beyond imaginable dreams. Quality is extremely important within Six Sigma (Goh, 2010; Apley & Kim, 2011) . Quality can determine overall success of a company. If a product does not contain great quality it will not last long on the market, and the company could end up losing more profit than it gains (Davison & Al-Shaghana, 2007) . Everyone wants good quality in a product or service. For example, when it comes to fashion quality is an important aspect. There are two different companies that make the same type of athletic running tennis shoe. One shoe is more durable and last longer than the other, therefore more people are going to buy the better shoe. The better shoe company is going the also make more money, and the other shoe company is going to lose money. They also are going to have to sell their product at a cheaper value.
There are many different statistical solutions to improve Six Sigma (Flynn et al., 1995; Goh, 2010) . The fundamental aspect of Six Sigma is extremely important. It is not easy to master the statistical part of effectively. Some companies have a hard time achieving success from Six Sigma, and sometimes even fail. Mass production can lead to failure. Some companies make wrong business decisions, waste time and money, and sometime do not have good software, which can also lead to failure (Furterer & Elshennawy, 2005) .
Companies front a big cost to purchase and implement a Six Sigma program. To offset the huge upfront cost of Six Sigma is to have a successful Six Sigma program. This in the long run will out weight the cost of purchasing and implementation of a Six Sigma program. Table 1 is a sample list of some companies who implemented Six Sigma and also the originating company of Six Sigma (Sunder, 2013a (Sunder, , 2013b : This review is conducted by categorizing published literature on Six Sigma, Design for Six Sigma (DFSS) and quality management. The collected publications listed include research papers, conference proceedings, technical reports, journals, and books from 1992 to 2015. Fig. 1 depicts the numbers of publications in five-year interval and Fig. 2 shows the key words frequency in references. 
Six Sigma
Six Sigma refers to the philosophy and methods companies use to eliminate defects in their products and processes (Furterer & Elshennawy, 2005; Sampaio et al. 2009 ). To help explain this first we must clarify what a defect is. A defect is simply any component that does not fall within the customer's specifications for what they desire to have in a purchased finished good. In a finished goods process to becoming a finished good every step that it goes through, whether it is in the design process or in the assembling process, is an opportunity for a defect to occur. Here is a list of some examples of a manufacturing facility in which there could be a defect (McAdam & Evans, 2004 ):
* The initial sales representative could leave something out of the sale; * In the design process there can be stuff added or accidently left out; * In the purchasing of the raw materials something could be left out; * The raw material could be of a lower grade of material if cutting cost; * At every step of producing the good a process could have a blemish; * When assembling the finished good a piece could be left out; * On the delivery end it could be damaged if not handled properly; * Part of the shipment could be delivered to the wrong facility; * The customer satisfaction representative could miss handle the follow up call;
All these areas could become an area for a defect, which would affect the customer's satisfaction and ultimately a company could lose the customer, which would affect the bottom dollar. Six Sigma is designed to reduce the variation in the processes that lead to these defects (Schall, 2012; Apley & Kim, 2011; Snee, 2011) . Six Sigma means 3. 4 defects are produced for million opportunities in the processes (Wang et al., 2014; Barbara et al., 1992) . This process allows companies to determine the performance of their company using a common metric process. This common metric process is called defects per million opportunities (DPMO) (Caulcutt, 2001; Barbara et al., 1992; Karthi et al., 2012; Anand et al., 2012) . In order to run this calculation, it requires three pieces of data; Unit, Defect, and Opportunity (Pisani et al., 2009; Moosa & Sajid, 2010) .
Six Sigma is constantly growing. Some of Six Sigma's characteristics include process management and teamwork (Gutiérrez et al., 2012) . It has also been considered as management philosophy. Teamwork is extremely important. It inspires workers to share knowledge associated to their work responsibilities (Gutiérrez et al., 2010) . Once the information is shared amongst each associate they use it to their own advantage to creative new innovative ideas to improve the company. Teamwork is a huge factor in the Six Sigma process. Six Sigma teamwork is a different from the quality management teamwork because of creating specialized positions, carrying by employees, and running the projects instead of overloading the firm's managers of Six Sigma teamwork (Gutiérrez et al., 2012) . It shows successful elucidations and show that the implements and abilities learned work well together. Therefore, the Six Sigma process management requires firm statistical methodologies of experimentation and study (Bhuiyan & Nadeem, 2004) . From a statistical perspective, Six Sigma is the best method for quality improvement (Gutiérrez et al., 2012) .
(1) To clarify how executives perceive Six Sigma in practice for the meaning of Six Sigma and what is the manifestation under the umbrella of Six Sigma.
(2) To identify success factors with particular reference to industry's perception of success for Six Sigma implementation and how to measure it (Ravichandran, 2006) . And at the start of the Six Sigma implementation, what the level of quality improvement experience and which factors to influence the sustainability of a Six Sigma approach are. Employee engagement is also an important feature of Six Sigma and development (Sunder, 2013a) . Employee satisfaction includes compensation or pay, opportunities to use skills and abilities, management recognition of employee job performance, communication between employees and senior management, work itself, and relationships with co-workers. Stages of Six Sigma development include: roll out of Six Sigma training program, business opportunities, and project identification, project execution, leadership buy-in and Six Sigma team formation, and Six Sigma Certification. Total employee engagement becomes critical. Six Sigma has a huge positive impact on the organization's human resources and a study reveals it when the rightly embedded in the organization's culture (Sunder, 2013a,b; Davison & Al-Shaghana, 2007) . Therefore, Six Sigma requires a structured approach for success.
Six Sigma Methodology
While Six Sigma methodology includes many of the statistical tools that were and are employed by other quality movements, here they are used in a more systematic project-oriented fashion using the; define, measure, analyze, improve, and control (DMAIC) cycles (Gowen III et al., 2008; Anand et al, 2007; Atkinson, 2014; Canato et al., 2013; Halliday, 2001; Krishnamoorth, 2011) . This process is ultimately the purpose of every organization that deals with producing a finished good for a customer. Here is a standard approach to be used when using the DMAIC approach (Nandi et al., 2014; Chen et al., 2008; Galli & Handley, 2014; Herman, 2007; Isakson, 2004; Kanigolla et al., 2013; Kumar et al., 2009; Plotkin, 1999) .
(D) Define
Identify the customer's wants and standards.
Next pick a project that is suitable for Six Sigma based on business objectives as well as the customer's desires and feedback. Identify critical-to-quality characteristics (CTQs) that the customer feels to have the most impact on quality (Rajagopalan et al., 2004 ).
(M) Measure
Determine how to measure the process and its performance. Identify the key internal process that influence CTQs and measure the defects currently generated relative to those processes.
(A) Analyze
Figure out what is the most likely cause of a defect. Understand why analyzing the key variables that are most likely to create process variation generates defects.
(I) Improve
Figure our means to remove the causes of a defect. Confirm the key variables and quantify their effects on CTQs. Set the maximum acceptable ranges of the key variables and create a system for measuring deviations of the variables. Modify the process if needed to stay within acceptable ranges.
(C) Control
Figure out how to maintain the improvements. Put tools in place to ensure that the key variables remain within the maximum acceptable ranges under the modified process.
Some of the basic tools used in Six Sigma are: flowcharts, run charts, Pareto charts, check sheets, causeand-effect diagrams, opportunity flow diagram, process control charts, and failure mode and effect analysis and design of experiments (Schall, 2012; Pisani et al., 2009; O'Neill et al., 2012; Parihar & Bhar, 2014; Park et al., 2009 ).
Challenges of Six Sigma
Even though Six Sigma has several benefits it also has some drawbacks. The first and biggest drawback is the purchase and implementation cost. The other aspect that an organization should look into is that a Six Sigma program is not a get rich quick program. In fact it is more of a long-term financial goal (Kumar et al., 2011; Shah et al., 2008) . However, if a company can afford it and can wait out the storm then it is typically a profitable avenue to venture down. Most times it earned savings of 1.4 % to 5 % for companies that took the time to implement it correctly.
Design for Six Sigma (DFSS)
DFSS is the acronym for Design for Six Sigma (Terziovski & Samson, 1999; Vasilash, 2003; Grant & Mergen, 2009) . Design for Six Sigma is when a company tries to design or re-design new services or products to make a job or process easier (Jou et al., 2010; Meeting and show, 2009) . In DFSS it is good to understand the needs of customers and construct a new way of doing things with the authenticity of distribution before delivery rather than after (Jusko, 2002; Owens, 2011; Park & Gil, 2006) .
DFSS is not really a methodology. It is an attitude and an approach to delivering new products and services to customers with a high performance that is measured by customers and is critical to quality measures (Chung & Hsu, 2010) . DFSS does also have a methodology though in which new products and services can be formed and carried out (Boisvert, 2005; Burnette, 2009 ).
When one thinks of design, it is usually associated with products more than services. Companies are beginning to realize that all products have associated services and this matters as much to the customer as the product. DFSS is not only used in big companies but small companies/stores can use this method as well. As a business starts with the DFSS process, it has to consider every aspect of the business strategy, from the introduction of the new product right down to the commercialization. All good DFSS methodology must work as a framework for all types of designs and for the products and services (Kuei et al., 2011; Bossert, 2013) .
When a new product is introduced or re-introduced, DFSS can be used in the process. Design and development of new products are very much a part of everyday life in a company. The adopting and using of DFSS can considerably improve the designing and implementing process. There are many degrees of design within any commercial environment. This means there will be many different levels or 'flavors' of DFSS. With this in mind, projects can range from small projects or very large projects that consist of major designs of new and complex products and/or services. Projects that are large DFSS projects are best utilized for the establishment of new products/services with extensive design and great impact and there is a customer requirement approval of high levels of performance and delivery (Dick et al., 2008) . There are certain tools required in the use of DFSS. There is strong emphasis placed on the analysis of customers. Transition of customer needs and the requirements (of the product services) right down the process requirements. Error and failure proofing is also needed by the customer (Jolin, 2009) . The product/series are often generally new so modeling and simulation tools are important, especially for measuring and testing in advance the likely process of the new product/services. The main tools include simulation techniques, Design of Experiment (DOE), Quality Function Deployment (QFD) and Failure Mode Effect Analysis (FMEA) Jones et al., 2010) . DFSS methodologies in commercial design are about an approach that is deeper, wider and more integrated. Everyone, including customers, is involved in the process in order to deliver a better product/service and final implementation.
In order for DFSS to work successfully, it must cover the full process of all new products and/or services. It all starts when the organization agrees formally on the requirements of something new and ends when the new product/service has been delivered. The first thing is the introduction of the new product. After the product has been introduced, it has to be defined. The product then goes through concept analysis, the technical design, and then the implementation. When the product is fully implemented, it can then be handed over to the new owners as shown in Fig. 3 . All of this can be achieved through good DFSS techniques and teamwork and the chart sheets as shown in Tables 2-5 (Caulcutt, 2001; Schall, 2012; Anand et al., 2007; Almaoui et al., 2013; . There are many charts/graphs that are used to make sure the Design for Six Sigma is working appropriately for the company it is designed for. The graphs/charts as shown in Fig. 4 are examples of what managers and engineers use to make sure the plan is working for them (Idris et al., 1996; Van Iwaarden et al., 2008; Sunder, 2013b; Hu et al., 2008; Burnette, 2009) .
Fig. 3. DFSS in manufacturing processes

Fig. 4. Charts and Graphs used in DFSS
Quality Management System
Six Sigma and Design for Six Sigma (DFSS) are important parts of an overall strategy of continuous improvement for the consistent production of quality goods and services in the global marketplace (De Feo & Bar, 2002) . This strategy allows corporations to maintain and enhance a competitive advantage so that they successfully complete in the global market place. Continuous improvement techniques such as Total Quality Management (TQM) (Martínez-Lorente & Dewhurst, 1998; Escanciano et al., 2002; Yang & Yeh, 2007) , Six Sigma, Design for Six Sigma (DFSS), Kaizen, Theory of Constraints and Lean Enterprise support the Quality System (Kumar, , 2011 Pavlović et al., 2014; Savage, 2007) . The quality system is the underlying network that supports quality assurance and improvement functions of successful corporations in every sector of business today. The Quality Management System (QMS) manages and administers the quality function (Rusjan & Alič, 2010; Psomas et al., 2010; Van den Heuvel et al., 2005) . This commitment to quality is often stated in a quality policy for an organization. The policy is usually expresses management's commitment to quality and how quality will be achieved in the corporations at all levels. The term "system" means that there are functional elements, attributes, processes and relationships. The quality system includes fourteen elements including: quality in marketing, quality in specification and design, quality in purchasing, quality of processes, product verification, control of inspection, measuring and test equipment, control of nonconforming product, corrective action, postproduction activities, quality records, personnel, product safety, and use of statistical methods (Polhemus, 2009).
The ISO 9000 Series is a set of international standards for quality management and quality assurance (Pun et al., 1999; Tsiotras & Gotzamani, 1996; Jones et al., 1997; Belavendram, 1996; Bossert, 2013; Buttle, 1997; Zeng et al., 2005) . The standards were developed to help companies effectively document the elements they need to maintain an efficient quality system to produce consistent goods and service that meet or exceed the quality requirements of their customers (Bozena et al., 2003) . The standards are not specific to any one industry. ISO 9000 can help a company satisfy its customers, meet regulatory requirements, and achieve continual improvement (Sun, 2000; Singels et al., 2001; Escanciano & Esteban, 2001; Rodrigues et al., 2009; Tang & Kam, 1999) . In the ISO 9000 family there are eight quality management principles that govern the Quality Management System: customer focus, leadership, involvement of people, process approach, systems approach to management, continual improvement, factual approach to decision making, and mutually beneficial supplier relationships (Zeng et al., 2007; Magd, 2008; Bradley, 1994; Feng et al., 2008) . These eight quality management principles are similar to the previously mentioned quality system elements. Customers' focus means that an organization fully understands the requirements and expectations of its customers and they strive to meet these in all of their daily work (Gijo & Rao, 2005) . It is the job of top management to provide leadership to establish unity of purpose and direction in the corporation. Leadership must also support the QMS for it to be successful. The involvement of people at all levels of the organization is critical. All employees must be aware and engaged with the quality function. The process approach involves the inputs, outputs and the processes that drive all quality related elements. The process approach allows a process to be analyzed based on methods, materials, people, and other factors. All true processes should be measureable so that the effectiveness can be determined. The systems approach to management is used to identify the interrelated processes and how they affect each other. Continuous improvement relies on a mindset that all processes, people and products can be improved. Continuous improvement utilizes the Define, Measure, Analyze, Improve and Control (DMAIC) process (Schall, 2012; Jing & Li, 2004) . It an integral part of a Six Sigma initiative (Georgakopoulos, 2001 ; Sigma designs announces MPEG-4 decoder chip, 2001), but it can also be implemented as a standalone quality improvement procedure or as part of other process improvement initiatives such as lean (Banking with lean Six Sigma, 2015) . A factual approach to decision making is one where data and information are used to guide decisions. Mutually beneficial supplier relationships acknowledge that many times organizations are only as good as their suppliers. Suppliers and customers are dependent on each other and this mutually beneficial relationship helps both parties to add value.
The ISO 9001:2008 standard is a document that prescribes a set of requirements that organizations must satisfy in order to achieve the ISO 9001 registration (Campatelli et al., 2011; Chow-Chua et al,, 2003) . This registration is required in some industries and it is highly desired in several other industries in the global marketplace. The current version of this standard is the ISO 9001:2008, although the next version is set to be published in summer of 2015. AS9100 revision D is the quality management system standard for the aerospace industry. It incorporates all the requirements of the ISO 9001:2008 standard and adds some additional requirements specific to the aerospace industry. Some of these requirements are risk management, configuration management and more stringent controls in purchasing and supplier management. The next revision of the AS9100 standard is also scheduled to be released in 2015 (Almaoui et al., 2013) . Products and services delivered by ISO 9001 and AS 9100 registered companies give consumers added assurance that they are receiving a quality product or service made to requirements and it meets or exceeds their quality expectation. A typical quality management system flowchart is shown in Fig. 5 (Heras et al., 2002; Magd, 2008; Apley & Kim, 2011; Tan et al., 2003) .
Fig. 5. Quality Management System Process Flowchart
Top management has to be a part of a successful QMS. An example of the top management responsibilities is shown in Fig. 6 (Karthi et al., 2012; Magd, 2008; Biazzo & Bernardi, 2003) .  Create an environment where people are fully involved and in which a quality management system can operate effectively.  To establish and maintain the quality policy and quality objectives of the organization.  To promote the quality policy and quality objectives throughout the organization to increase awareness, motivation and involvement.  To ensure focus on customer requirements throughout the organization.  To ensure that appropriate processes are implemented to enable requirements of customers and other interested parties to be fulfilled and quality objectives to be achieved.
The quality system document structure is key to a successful QMS (Jou, 2010) . An example is shown in Fig. 7 ( De Feo & Bar-El, 2002) .
Fig. 7. Quality System Document Structure
 Control of documents -Ensure documents are approved before use -Ensure current revision status is controlled -Maintain master list of documents -Prevent use of obsolete documents -Issue controlled copies  Photocopies of controlled documents are NOT ALLOWED  Control of records (Tan et al., 2003) Evidence of conformance to specified requirements and effective operation.
The organization must have an overall quality vision that includes the QMS. Fig. 8 is an example (Kemper & De Mast, 2013) . 
Conclusion
There are several reasons to purchase and implement a Six Sigma program into an organization. The main purpose of a Six Sigma program is to improve throughput, which in term will increase the overall revenue (Kemper & De Mast, 2013) . The way that it improves your throughput is that it reduces the number of defects in the process of production. By reducing defects it improves throughput. With the improvement of throughput it positively affects the bottom line of an organization. The only downside to a Six Sigma program is the initial cost and the continued cost of training and keeping it going. An organization has to decide if the overhead cost is worth the long term reward of having a Six Sigma program. If the organization is in it for the long haul then a Six Sigma program is financially beneficial. If a company cannot afford a Six Sigma program then they need to implement some form of total quality management (Johnson, 2006) . Six Sigma implementation has some major complications that start with management's commitment and cost (Poksinska et al., 2003; Chow-Chua et al., 2003; Brue, 2005) . This review went into far more comprehensive analysis of Six Sigma implementation that showed these complication factors are common among all organizations agreeing Six Sigma program was a financially sound decision. Also, Six Sigma program has some limitations such as being deeply depended on the evaluation of pilot lots and assessment of all critical process capabilities. Furthermore, Design for Six Sigma requires to be subjectively assessed through Drawing Sheet, Feasibility Checklist, Process Mapping, and Control Plan Sheet. This type of assessment is some sort of limitation for this program in an organization. For future work, one may explore integration methodology that mitigates the current complication and limitation.
